The structure of Epstein-Barr virus mRNAs transcribed in B95-8 cells has been studied by cDNA cloning and sequencing. We present here the analysis of four cDNAs. 
INTRODUCTION

Epstein-Barr virus (EBV) is a herpesvirus ubiquitous in humans (for reviews, see 1 and 2). The virus 1s associated with infectious mononucleosis, Burkitt's lymphoma and nasopharyngeal carcinoma. J_n vi tro, the virus immortalizes human and simian Blymphocytes. Some fragments of the viral genome immortalize monkey epithelial cells (3), others transform established rodent cells (4). Cell lines established from EBV-associated
Burkitt's lymphoma and from j_n^ vi tro-i nf ected lymphocytes harbour the viral genome in an episomal or in an integrated state. They produce viral antigens and some of them produce virus.
The viral genome is nearly 175 kbp long. The genome of the B95-8 virus, which is taken as a prototype, was sequenced (5). Two clusters of tandemly-repeated sequences, designated TR and IR, delimit the US and UL regions ( Figure 1A ). The structure of viral mRNAs was studied by SI mapping and primer extension experiments (6 -9) and by cDNA cloning and sequencing (10 -12). Two cDNAs, designated Tl and JYK2, contain exons transcribed from the IR and UL regions (10, 11). They share the exons from the IR region and some of the exons from the UL region. The Tl cDNA contains the 3' end of an open reading frame which should encode for a repetitive polypeptide (10) . The JYK2 cDNA contains the 5' end of the open reading frame coding for the nuclear antigen EBNA-1 (11) . A third cDNA, designated T2, contains exons transcribed from the US, IR and UL regions (12) . The T2 cDNA shares the exons from the IR region with the Tl and JYK2 cDNAs. We describe here four additional cDNAs, designated T3, T4, T5 and T6, containing exons transcribed from the US, IR and UL regions. They differ among themselves and from the Tl , T2 and JYK2 cDNAs with respect to the exons from the UL region.
MATERIALS and METHODS
Construction of the cDNA library. B95-8 cells (13) were grown in RPMI 1640 medium with 10% fetal calf serum (Gibco Laboratories). Cytoplasmic RNAs were prepared (14, 15) and polyadenylated RNAs were selected by chromatography on ol1go(dT)-eel 1ulose (15, 16). Double-stranded cDNA molecules were synthesized from polyadenylated RNAs (17) and made blunt-ended by treatment with SI nuclease and Klenow fragment of E. coli DNA polymerase I. The cDNA molecules were cloned in the XgtlO bacteriophage as described (18) , with modifications (12). They were methylated by EcoRI methylase before Ugation with EcoRI linkers and digestion by EcoRI restriction endonuclease. They were separated from the remaining linkers by chromatography on Sephadex G-75. The longest cDNA molecules were selected by centrifugation through a sucrose density gradient and ligated with the EcoRI arms of the AgtlO bacteriophage. The resultant molecules were packaged j_n vitro (19) . The library was amplified on the HflA150 strain BNN102. Screening of the cDNA library. The cDNA library was screened by 1n si tu hybridization (15). The probe was prepared by nicktranslation (20) .
Sequencing of the cDNAs. DNA was prepared from the Isolated bacteriophages (15) and the EcoRI inserts were cloned in the pUC13 plasmid (21). Restriction fragments were prepared from the recombinant plasmids and cloned in the mp8, mp9, tgl30 and tgl31 derivatives of the M13 bacteriophage (22, 23). DNA sequencing was performed as described (24, 25) , with modifications (26).
RESULTS
We have constructed a cDNA library from the cytoplasmic polyadenyl ated RNAs of B95-8 cells in theXgtlO bacteri ophage. About 1 x 10 recombinants were screened by in situ hybridization. The pDKlO plasmid (27) Table 1 . The four cDNAs share the C3 1 and C32 exons, which are transcribed from the US region ( Figure 3 ). They also share the W66 and Wl32 exons, which are transcribed from the IR region. These two exons constitute a unit which is repeated several times. Although the units of the T5 and T6 cDNAs were not all sequence^, the restriction enzyme analysis suggests that they are identical. The T3 to T6 cDNAs contain respectively 3, 3, 6 and 4 copies of the unit. The T6 cDNA contains an additional copy of the W66 exon, which joins the repeats to the exons from the UL region. Some of the four cDNAs also share some of the exons transcribed from the UL region. The T3 to T5 cDNAs contain the Y33 and Y122 exons. The T4 and T5 cDNAs contain the Y59 and U172 exons. The T4 cDNA contains the E367 exon. The T3 and T4 cONAs The Table   Intron   TTCCCTCTAG   ATATTTTCAG  TTAATTTTAG  GGTTTTCTAG  TCTCTTTTAG  ATTTCTGCAG  GCCATCCAAG  CCCGTCTCAG  TACAACCAAG  TCCAATGTAG  CCACCCGCAG   CCCCCC C  X AG  TTTTTT T   2   GA   AC  CA  TT  TG  GT  CC  GG  CC  TC  TA  G The nucleotide sequences of the viral genome located around the acceptor and donor sites corresponding to the T3, T4, T5 and T6 cDNAs. The exons are designated as described in The T2 to T6 cDNAs contain tandem repeats of the unit constituted of the W66 and Wl32 exons. They contain respectively 2, 3, 3, 6 and 4 copies of the unit. Thus, the number of copies should vary depending on the mRNA species. Furthermore, we found a cDNA which 1s similar to the T5 cDNA, except that it contains three fewer copies of the unit (Bodescot and Perricaudet, unpublished results). Thus, similar mRNA species with different numbers of copies of the unit should exist. Whether the translation efficiency of the mRNAs varies depending on the number of repeats remains to be established. In the T3 to T5 cDNAs, the repeats are joined to untranslated exons from the UL region. On the contrary, in the T2 and T6 cDNAs, where an additional copy of the W66 exon is present, the exons from the IR region are joined to translated exons. The IR region of the viral genome contains eleven copies of a unit corresponding to the BamHI-W fragment (5). However, the cDNAs contain only 2 to 6 copies of the unit constituted of the W66 and W132 exons. Therefore, 1t is impossible to know how the precursor RNAs were spliced. Furthermore, DNA rearrangements might have occurred in bacteria so that the T2 to T6 cONAs might be derivatives of cDNA molecules containing more repeats (38) In the B95-8 cell line, some of the cells are engaged in production of virus, the others are not. The mRNAs corresponding to the cDNAs may be produced by all the cells. Alternatively, their production may be specific of the physiological state of the cell. The comparison of the structure of the JYK2, T5 and T6 cDNAs suggests that at least three mRNA species encode for the nuclear antigen EBNA-1. The translation of these mRNA species may be regulated differently. For example, this may enable the quantity of EBNA-1 to vary during the cell cycle or depending on whether the cell produces virus or not.
Both EBNA-1 and the ori-P region, which is located in the US region, are implicated in replication of the viral genome. Indeed, a plasmid which allows the production of EBNA-1 and contains the ori-P region is able to replicate autonomously in several cell lines (45). EBNA-1 binds to two loci within the ori-P region (46). The ori-P region is located 2.2 kbp upstream from the promoter which probably enables transcription of mRNAs coding for EBNA-1 and 99 kbp upstream from the exon coding for EBNA-1. EBNA-1 1s thus reminiscent of the SV40 large T antigen. In this respect, we can speculate that the interactions of EBNA-1 with the region located upstream from the promoter may be of importance for regulation of the transcription process. For example, EBNA-1 may regulate its own production.
